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Correlation of Physical Measurements With 
Egg Production in White Plymouth 
Rock Hens l 
By c. W. KNOX A~D H. A. BITTENBENDER 
External characteristics of poultry have been used as cri-
teria of egg production for a number of years. Only within the 
last few years, however, have attempts been made actually to 
correlate mathematically certain definite morphological char-
acteristics with egg production. Data also have been published 
recently, correlating certain physiological characters with egg 
production. 
In making practical use of these correlations, proper empha-
sis should be placed only upon those characteristics showing the 
higher degrees of relationship with egg production, and those 
with lower degrees should be discarded. In other words, corre-
lation studies may give us a much more dependable and accu-
rate score card for egg production than we have at present. 
The data given by different investigators on physiological 
characteristics include such factors as pigmentation of the vent, 
ear lobes, shanks, and molting. Such physiological characters 
have been studied and the results published by Blakeslee et al. 
(2 ) , Hervey (3 ) and Sherwood (7 ) . Their results are given in 
table I. 
Very recently publications on the correlation of morphologi-
cal characters with egg production have been published by a few 
investigators, but these disagree to a large extent. Table V shows 
briefly the results obtained by Asmundson (1), Hervey (3), 
Knox (4) and Sherwood (7). 
TABLE 1. SUMMARY OF INVESTIGATIONS OF CORRELATION OF 
PHYSIOLOGICAL CHARACTERS WITH EGG PRODUCTION 
1 
CorreJation Coeff'cients between I 
Annual Egg Production 1 
1 
Pigmentation of the beak .. . ..... 1 
Pigmentation of t h e shanks ..... . 1 
Pigmentation of the ear lobes .... 1 
Molting ......................... 1 
I 
Blakeslee 
et al. 
Oct. 
- .663±.022 
I 
Sh~rwood 
Sept. 
I
I - .603±.038 
- .622± . 037 
I 
I 
I 
- .522± .043 
Hervey 
June 
- .480±.037 
- .293± .044 
- .271+ . 044 
- .454±.038 
IPaper No. 9 from the Department of PouJtry Husbandry, Iowa State College. 
AmES. Iowa. 
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MATERIALS AND METHOD OF' PROCEDURE 
In this study 65 White Plymouth Rock hens were used. rl'hese 
birds were finishing their first laying year. Measurements were 
Fig. 1. Combination calipers. 
taken during the first 
two weeks of July 
and the last two 
weeks in August. 
An attempt was 
made to correlate the 
perimeter of the lay 
bones, the thickness 
of the pubic bones, 
the span of the pubic 
bones, the size of the 
abdomen and size of 
body with annual egg 
production and with 
each other. 
Most of these characters are used empirically by many investi-
gators, but very little 
experimental work has 
been done on which 
opinions may be based. 
Most of the work done 
up to date has been in 
the nature of general 
observations which usu-
ally extended over a 
short period. 
The terms defined be-
low are rather arbitrary 
in nature and have been 
selected only on a basis 
of experimental conven-
ience. The perimeter of 
the lay bones, as used in 
this study, was obtained 
by measuring the dis-
tance between the isch-
ium. bones immediately 
back of the femur, fig. 3, 
their length, fig. 6, and 
also the width between 
the ischium at its poster-
ior end, fig 4. The Fig. 2. (1) Ischium. (2) ischiadic foramen, (3) Dubic bones, (4) sternum, (5) femur, (6) back. 
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Fig. 3. Width of the ischium immediately back of the femur. 
perimeter of this structure was then computed by adding the 
measurements taken after doubling that of the length, thus 
completing the form of a rectangle. This gives some idea of the 
Fig. 4. Width of ischium about one inch from the end of the pubic bones. 
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length, breadth of the ischium and how well it "carried out." 
The thickness of pubic bones was determined by measuring the 
cartilage and bone at the end of 
the pubis, fig. 7. Span was taken 
as the distance between the pubic 
bones, fig. 5. Size of abdomen was 
the measurement of the distance 
from the end of the pubic bones 
to the posterior end of the stern-
um, fig. 10. Size of body, as used 
here, is the partial perimeter of 
the body, and it includes the 
depth of breast, fig. 8, from the 
anterior end of the sternum to the 
back, fig. 8, the length of the 
sternum, fig'. 9, and the size of ab-
domen, fig. 10. Annual produc-
tion was taken from egg records 
kept at the experiment station 
Fig. 5. Width of the pubic bones. and includes the eggs laid by each 
hen from October 1 to September 30, inclusive. 
All measurements were taken with an engineer's calipers, fig. 1. 
With these it was possible to take very accurate inside and out-
side measurements. The readings were taken as close as one-eighth 
of an inch. 
'I.'he results were tabulated, 
multiple correlation tables 
made and the means, standard 
deviations, correlation coeffi-
cients, partial regression coeffi-
cients and probable errors were 
calculated. 
For the multiple correlations, 
partial regression coefficients 
and probable errors, the follow-
ing references were used, Miner 
(5) and Wallace and Snedecor 
(8) . 
RESULTS 
For general reference table 
II gives the means and the stan-
dard deviations for the charac-
ters studied. 
Tables III and IV give the 
correlations of the several char-
Fig. 6. Length of the ischium from is-
chiadic foramen to the end of the 
pubic bones. 
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£ABLE II. MEANS AND STANDARD DEVIATIONS FOR THE SEVERAL 
CHARACTERS STUDIED 
Character Studied Means 
Standard 
Deviations 
July 
Perimeter of ischium ................... 1 
Thickness of pubic bones ............... 1 
Span of pubic bones ... ............. · .. 1 
Size of abdomen ...... . ... .............. 1 
Size of body ...... . .................... 1 
12.69± . 60 in. . 72± .04 in. 
.14±.01 in . 
.30± .02 in. 
. 34± .02 in. 
.59± .04 in. 
Production (Annual. 1925) . . .......... 1 
. 45± .12 in. 
1.44± .29 in. 
3.08±.29 in. 
12.S4± .50 in. 
117 .13±2.25 eggs 26.42±1.59 eggs 
August I 
Perimeter of ischium ........ . .......... 1 
Thickness of pubic bones .......... . .... \ 
Span of pubic bones ................... . 
Size of abdomen .................. . ..... 1 
Size of body .. ................ ... ..... . 1 
12.69± .63 in. 
.49±.15 in. 
1. 31±. 2S in. 
2.S5± .44 in. 
12.60+. 5S in. 
. 72± .04 in. 
.17±.01 in. 
.32± .02 in. 
.51±.03in. 
.66+. 04 in. 
Production (Annual. 1925) ... • ........ 1 117 .13±2.25 eggs 26.42±1.59 eggs 
! 
acters with annual egg' production, correlation with one another 
and the multiple correlations for these studies. 
TABLE III. SUMMARY OF STATISTICAL CORRELATIONS FOR CHARACTERS 
STUDIED IN JULY 
I I Partial 
I I Regress ion 
I I Coefficients (To-
Characters I Simple Correlations I tal production 
I I as dependent 
I I variable) 
A . Perimeter of ischium ..................... /1 I . m 
b. With thickness of public bones. . .. . . .. .OO± .OS I 
c. With distance between public bones .... 1 .13±. OS I 
d. With size of abdomen .......... ....... 1 .23±.OS II 
e. With size of body ............. . ....... 1 .45±.07 
x. With total production ......... . .. ... . 1 .1S ± .08 I 
______________ 1 ______ 1: ____ _ 
B. Thickness of pubic bones . ..... . .......... 1 I .004 
c. With distance between pubic bones .... 1 - .17±.OS I 
d. With size of abdomen ... . .... .. . ...... 1 - .09±.08 I 
e. With s ize of body .................... . 1 -. 05±.OS I 
x. With total production . .. ... . ......•... \ ___ ._0_1_±_._0_S ___ II _____ _ 
C. Distance between pubic bones ............. \ 1 .193 
d. With s ize of abdomen .. '" ...... . ...... 1 .38 ± .07 I 
e. With s ize of body . .......... . .... .. .. 1 .32±.08 I 
x. With total production ... ...... . • ...... 1 .15± . 08 I 
i I 
I I 
D. Size of abdomen ........ . ....... . ..... .. . 1 I .170 
e. With size of body . . ...... ........ .... . 1 • 73± .04 I 
x. With total production ....... .•....•. .. I . 15 ± . OS I 
----------_____ --1 1 ____ _ 
I I 
E. Size of body . ...... ...... . . . ............ . 1 I -. 017 
x. With total production ........... • . ... . 1 .05±.08 I 
I I ------------------------------:I------------~---------
R. Multiple correlation . . .•.... . . . .. ......... 1 . OS± .08 
I 
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TABLE IV. SUMMARY OF STATISTICAL CORRELATIONS FOR CHARACTERS 
STUDIED IN AUGUST 
1 1 
Partial 
Regression 
Characters I Simple 
I 
Correlations I Coefficients (To-
I tal production 
I 
I 
1 
A. Perimeter of ischium ......... . ......... . 1 
b. With thickness of pubic bones .. . .... . . 1 
c. With distance between pubic bones ... 'I 
d. With size of abdomen . ........ . ...... . 
e. With s ize of body .... ................. I 
x. With total production ......... • ....... 1 
I 
I 
B. Thickness of pubic bones . . ........... .. ... 1 
c. With distance between pubic bone3 ..... 1 
d. With size of abdomen ................• 1 
e. With size of body ............. ....... . 1 
x. With total production ................. 1 
1 
I 
C. Distance between pubic bones ........... . . 1 
d. With size of abdomen ... . ..... . . . ..... 1 
e. With size of body ............ . .•....... 1 
x. With total production ........ . ...... .. 1 
I 
I 
D. Size of abdomen .............• . ... • ...... 1 
e . With size- of body ................... . 1 
x. With total production .... . ............ 1 
I 
I 
E. Size of body .. . ..............•....• · .. · ·· 1 
x. With total p"oduction ....... . . . ....... 1 
1 
1 
R. Multiple correlation .. • ....•.. . .• .. ....... 1 
1 
.08±.09 
- .01±.09 
.04± .09 
.32± .08 
.19± .08 
- .13±.08 
- .08 ± .09 
.08 ± .09 
- .17±.08 
.56±.06 
. 38± .07 
.39± .07 
. 7~± .03 
.51±.06 
.38± .07 
DISCUSSION 
I as dependent 
I variable) 
I .242 
I 
1 
I 
I 
- .153 
.181 
. 320 
.192 
The perimeter of the ischium shows a fair correlation with 
egg production during July. The partial regression coefficient is 
slightly smaller. Both of these are somewhat higher and give 
a medium correlation in August. The change from month to 
month is much less in the correlation with egg production of 
this morphological structure than in any other structure studied 
with the exception of the distance between the pubic bones. 
The perimeter of the ischium shows very little correlation 
with the other variables, namely: the thickness of the pubic 
bones, distance between the pubic bones and the size of abdomen. 
This is true ,for both months. The perimeter of the ischium has 
a good correlation with the size of body, being approximately six 
and one-half times its probable error. In August a similar corre-
lation on the same group of birds is decreased to about four times 
its probable error. 
All of the correlations between the thickness of pubic bones 
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Fig. 7: Thickness of the pubic bones. 
and distance between the pubic bones, size of abdomen and to-
tal egg production were so low as to be insignificant. There 
is a .possibility that the thickness of the pubic bones may be corre-
Fig. 8. Depth of body from anterior end of the sternum to the back, meeting it 
at right angles. 
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Fig. 9. Length of keel. 
lated with total annual production in some later months as the 
correlation coefficient is decreased from .0'1±.08 to -.17±.08. 
The reason for this change may be due to the fact that the coarser 
individuals usually stop laying earlier in the season, thus later 
measurements of the thickness (coarseness) of pubic bones might 
show a negative correlation. This would mean that the thinner 
(finer quality) the pubic bones, the greater are the chances for 
heavier production. 
Distance between pubic bones might be regarded as being sig-
nificantly correlated with size of abdomen and size of body. 
This correlation is increased from 0.38 in July to 0.56 in August 
in the case of the correlation with size of abdomen and from 
0.32 to 0.28 with the size of body. The partial regression co-
efficients are relatively fair in both July and August, being 0.19 
and 0.18, respectively, but they cannot be regarded as being in-
dicative o:r much actual interrelation between this character 
of the pubic bones and total egg production. 
The size of abdomen is very highly correlated with the size of 
body, having a significant correlation of 0.73 in July and 0.78 
in August. This is perhaps what one would expect to find, that 
is, the larger the body the greater will be the size of its compon-
ent parts. 
l'he size of abdomen is not significantly correlated with total 
egg production in July, but in August this correlation is in-
creased to 0.51 with a probable error of ±0.06, thus showing 
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that the size of abdomen has a decided influence on total egg 
production in this month. 
'1'he reason for this increase in correlation for August was 
probably the fact that a greater number of the poorer birds had 
ceased to lay. When a hen stops laying, her bones seem to close 
the distances between them, i.e., the posterior end of the sternum 
moves closer to the pubic bones and the latter structures also 
move toward each other. Therefore, when birds cease producing 
the measurements between these bones become smaller and thus 
give a higher correlation with low production. 
The partial regression coefficient is considerably lower than 
the correlation coefficient, being 0.32. '1'his difference between 
the correlation coefficient and the partial regression coefficient in 
August is due to the fact that the partial regression coefficient 
eliminates, to a great extent, the other factors which influence 
egg production, and these in turn may have a certain amount of 
influence upon the correlation coefficient of the particular struc-
ture measured. As in this case, the correlation is 0.51 and the 
partial regression coefficient is 0.32, the correlation of the size 
of body with the size of abdomen is 0.78±.03, the size of body 
is also correlated with egg production to the extent of 0.39. This 
shows that some of the correlation of the size of abdomen with 
annual egg production is due to the relation of size of body to 
size of abdomen and total annual egg production. The partial re-
gression coefficient attempts to eliminate all other influences 
Fig. 10. Size of abdomen. 
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except the particular character used. 'fhe simple correlation 
coefficients do not get rid of other relationships and therefore 
the partial regression coefficients are usually lower and more 
significant. 
The size of body has practically no correlation with total egg 
production in July, but in August a fair correlation exists, the co· 
efficient being 0.39 ± .07, with a partial regression coefficient of 
0.19, which is relatively not very high. 
Simple correlation studies in this type of work have been 
greatly criticized, mainly because only one character (variable) 
can be compared with egg production at the same time. Multiple 
correlation methods eliminate this objection and also add the 
\'arious interrelationships of the variables with one another. 
The multiple correlation is a coefficient that gives a statistical 
idea of the total influence of all measurements taken. In July 
this correlation is low and not significant, but a medium corre-
lation exists in August, being 0.38±.07. The difference in the 
correlations found in July and August is due to the cessation 
of egg production of the poorer producers, as has been previ-
ously mentioned. 
The partial regression coefficents, which are included in this 
study, are statistically more fundamental than the simple re-
gression coefficients and in all actual problems involving the esti-
mate of one variable knowing a second, the regression coefficent 
and not the correlation coefficient is the essential measure. A 
wider use of regression coefficients in place of correlation coeffi-
cients would lead to a more accurate and detailed understanding 
of the situations portrayed. 
This may be illustrated by the data in table IV. Size of ab-
domen has a correlation coefficient of 0.51±.06 with egg produc-
tion and a partial regression coefficient of 0.320. This apparent 
lowering· of a value indicating relationship is due to the fact 
that the regression coefficient takes into consideration other fac-
tors that influence the size of abdomen and egg production. This 
can be readily seen because size of abdomen and size of body are 
highly correlated with one another, having a correlation of 
0.78±.03. Also we find that size of body is correlated with egg 
production, being 0.39± .07 This is but one example. Many 
others could be selected from this same table. 
It will be noted that the correlations of measurements taken 
in July change markedly when compared with those taken in 
August even tho the same lot of birds was used. This is especial-
ly true of distance between pubic bones as compared with size 
of abdomen, size of body and total egg production; and compari-
sons of abdomen and size of body with total egg production. 
This largely corroborates the general observations previously 
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made. In general it has always been said that the best time of 
the year to cull chickens for egg production is during August, 
September, October and November. The increasing significance 
of the correlations in August shows the reason for these observa-
tions. 
The correlations are higher in August because, in all prob-
ability, many of the poor producers cease laying in August and, 
due to the lack of ovarian activity, the morphological structures, 
such as the pubic bones and sternum, move toward each other. 
This tends to make the measurements taken between these struc-
tures, namely, distance between the pubic bones, size of abdomen 
(distance between pubic bones and posterior end of sternum) 
smaller. In this way a higher correlation is produced in Aug-
ust than in July since more of the poor layers have ceased pro-
duction in August. 
This situation is similar to that which has developed in the 
study of physiological characters. Palmer and Kmnpster (6) 
have stated the following: "The fading of the yellow pigment 
from the vent, ear lobes, beak, shanks, etc., of hens of the Leghorn 
and American breeds during fecundity is due to the fact that 
fecundity deflects the normal path of excretion of the xantho-
phyll from these parts of the skin to the egg yolk. The xantho-
phyll deposited in the epidermis of the above named parts grad-
ually disappears as a result of the natural physiological change 
in the structure of the skin. The thicker the epidermis, the more 
slowly will the xanthophyll disappear. It is impossible to 
restore xanthophyll to the skin of the hens as! long as fecun-
dity exists no matter how large an excess of pigment is fed. 
Adipose tissue also fails to take up the xanthophyll from the 
food during laying, even on rations rich in xanthophyll, the pig-
ment being excreted wholly in the egg yolk. The fading of the 
ear lobes, beak, and shanks, of the Leghorn and American breeds 
of hens as the result of laying is an index of continuous fecun-
dity only-not heavy laying. " 
If this is true it would mean that the high correlations found in 
table I are probably due to the time of the year, September and 
October, when the poor layers have stopped producing and the 
pigment returned in all sections of the body, whereas the good 
layers are continuing to produce with the result that the body 
sections which would normally be pigmented are bleached. In 
other words, if correlations were made, for example, in April 
or May when ovarian activity is practically the same for both 
the good and poor layers, there would probably be a very poor 
correlation between these physiological factors and total egg 
production. 
Molting, when considered during certain months, would like-
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wise show very little correlation with egg production. During 
some months, as April and May, all birds would be in about the 
same condition of plumage. 
In addition to the variation of these characters with annual 
egg production, one of the investigators, Knox (4), found that 
the correlation was high enough to show that at least one of the 
morphological characters, distance between pubic bones, in all 
probability is highly correlated with the following weeks' pro-
duction, but not with total annual production, altho the number 
of birds in this experiment was small. 
Table V shows a comparison of the results of several investi-
gators, and their results vary greatly. The present work, altho 
it included only! small numbers, indicates the reaSOn for this, 
namely, that each investigator has in all probability measured his 
birds at a different period of ovarian activity. In the present 
study where the same lots of birds have been measured about 
five weeks apart it is seen that as the poorer producers which 
stop laying early, cease to lay, the later body measurements, in 
August, have a higher correlation with annual egg production. 
This would tend to show that the degree of ovarian activity will 
influence the correlations during different months and that these 
will vary accordingly. 
Tables VI and VII summarize the partial regression coeffi-
cients in the order of their importance for July and August. 
The partial regression coefficients of this investigation cor-
roborates the common culling practices that are used in the 
United States and Canada. It is the opinion of the majority of 
investigators that the best time to cull birds for eg·g production 
is during August and September. The foregoing investigation 
readily shows the cause of this opinion. It is also true that in 
all probability the differences between the poor and good pro· 
ducers are much greater in the later months, August and Sep-
tember, than they are in the earlier ones. This is verified in 
TABLE v. CORRELATION BETWEEN EGG PRODUCTION AND MORPHO-
LOGICAL CHARACTERS AS DETERMINED BY VARIOUS INVESTIGATORS 
I 
I I I 
Character I Asmund- I Sherwooc I Hervey 
Ison (1921) (1922) I (1923) 
I I I 
I I I 
Capacity of lay bones ···· 1 1 I 
Thickness of pubic bones l I 
Distance between pubic I I I I 
bones .. .. ..... .. . .. ... 1 1·210±.057 1.4032 ±.0402 1 
Capaci ty of abdomen.···· 1 I I I 
Body capacity ........... 228±.0381.093 ± .059 1.3899±.04071 
Length of keel. ... ... ... 1·032±.0401.208±.057 1 I 
Width of hips ............ 1·356±.0351 I I 
I I I I 
-Taken from present paper, tabJe III. page 55 . 
•• Taken from present paper, table IV. page 56. 
Knox 
Three I I 
Months I I 
Average I July· I Aug.·· 
(1924) I I 
.358 ± .061 \. 18± .081. 19 ± .08 
.026±.0691.01±.081.17 ±.OM 
.147 ± .06811. 15 ± .08\ .39 ± .07 
.108 ±. 069 1.15 ±. 08 1. 51 ±. 06 
.019 ± .070 1.05± .081. 39 ± .07 
I 1 
I 
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fABLE VI. SUMMARY OF PARTIAL REGRESSION COEFFICIENTS FOR JULY 
Characters 1 
1 
Distance between public bones ................. 1 
Size of abdomen ..•........................... [ 
Perimeter of ischium .......................... 1 
Size of body ... . .... ............. .•.... ..... .. [ 
Thickness of pubic bones ...................... [ 
I 
Partial Regression Coefficients 
(Total production as dependent 
variable) 
.193 
.170 
.152 
- .017 
.004 
the partial regression coefficient tables VI and VII, which show 
a much higher correlation for the characters studied in August 
than those studied in July. 
Asmundson measured the depth of body determining the dis-
tance from the centerodorsal surface of the ischium to the rear 
of the sternum. Sherwood determined the depth of body by 
measuring the distance from the upper joint of the femur to the 
rear of the sternum. Knox made the measurements; of the 
body from the anterior end of the sternum to the back, meeting it 
at right angles, the length of the sternum and the distance from 
the posterior end of the sternum to the end of the pUbis. 
OONOLUSIONS 
1. The correlations of the measurements taken at different 
times on White Plymouth Rock hens varied with the same lot 
of birds, especially the correlations of the distance between the 
pubic bones, with size of abdomen and with total egg' production. 
'rhis was also true of the correlations between size of abdomen 
and size of body with total egg production. 
2. In July most of the correlations with egg production 
could not be regarded as significant, except the correlation of 
the perimeter of the ischium and size of abdomen with the size 
of body. In these cases the correlations were high. 
3. In July and August the perimeter of the ischium and 
distance between pubic bones were correlated highly with Bize 
of body and with size of abdomen, respectively. 
4. Size of abdomen was highly correlated with size of body. 
5. Distance between the pubic bones was correlated to a 
TABLE VII. SUMMARY OF PARTIAL REGRESSION COEFFICIENTS 
FOR AUGUST 
1 
Characters [ 
1 
1 
Size of abdomen ............ . .... . ........... .. [ 
Perimenter of ischium .......... . ............ . . 1 
Size of body . . ... ............................. [ 
Distance between public bones ................. 1 
Thickness of pubic bones ........... • .......... 1 
i 
Partial Regression Coeff:cients 
(Total production as dependant 
variable) 
.320 
.240 
.192 
.181 
- .153 
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greater extent with size of abdomen than with size of body and 
the correlation was much higher in August than in July. 
6. In August the perimeter of ischium and thickness of pubic 
bones were correlated to a fair degree with egg production. 
7. Distance between the pubic bones, the size of abdomen and 
the size of body seemed to have a fairly high correlation with 
egg production in August. 
8. All other correlations were insignificant. 
9. The perimeter of the ischium and size of abdomen had a 
fairly significant partial regression coefficient with total egg 
production in August. 
10. All other partial regression coefficients were medium 
and, therefore, not as significant as those of the ischium and 
size of abdomen. 
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